One hundred and fifty three patients who had sustained a spinal cord injury more than 20 years previously were assessed neurologically and by MRI scanning of their spinal cords. The spinal cord pathologies shown were, in order of prevalence, extended atrophy, malacia, syrinx, cyst, disruption and tethering. There was no relationship between the prevalence of any type of pathology and the degree of spinal canal compromise or angulation of the spine adjacent to the level of injury. Neurological changes after initial neurological stabilisation were seen only in patients with extended atrophy, malacia or a syrinx, not in those with only a cyst or cord disruption. Tethering is always associated with other lesion(s). Longer syrinxes were more likely to have associated neurological changes than shorter ones. The most common neurological change was pain.
Introduction
Following spinal lllJury, chronic (secondary and tertiary) changes occur in the spinal cord over many years. These include extended atrophy, malacia, syrinx, cyst, cord disruption and tethering. 1 - II MRI findings in the spinal cord in the early stages following injury have been widely described. 12 -19 This is the first study of a series of patients injured more than 20 years previously.
Understanding the chronic changes in the spinal cord following injury is important both for assisting good clinical care and for developing research into the environment within which spinal cord regeneration will occur.
Patients and methods
In a recently completed comprehensive investigation of spinal cord damaged persons injured more than 20 years ago 832 patient data sets were studied. Six hundred and seventy three of these were from Stoke Mandeville Hospital. Two hundred and forti; one of these 673 were comprehensively evaluated. 0 Apart from the home address at the time of injury this population was unselected.
Correspondence: D Wang, National Spinal Injuries Centre, Stoke Mandeville Hospital, Aylesbury, Buckinghamshire HP2l 8AL, UK All of the 24 1 patients were requested to re-attend for neurological reassessment and spine and spinal cord MRI scanning. For various reasons only 153 patients were included in this study ( Table I) .
Of the 153 patients, 126 were males and 27 females. Their age at the time of study ranged from 37 to 89 with a mean of 54.
The distribution of patients in relation to level of vertebral lllJury and Frankel grading at initial neurological stabilisation is indicated in Table 2 . The duration from injury to the time of the study ranged from 21 to 48 years with a mean of 29.
Eleven of the 153 patients had had spinal surgery shortly after injury. This was laminectomy alone in 2, laminectomy with dural decompression in 3, laminect omy with internal fixation in 2 and internal fixation alone in 4.
The MRI scanner used in this study was a 0.2 Tesla permanent magnet Hitachi MRP 20. In all cases, Tl weighted images of sagittal sections were obtained. T2 weighted images, obtained in 40 patients, and Gadolinium enhancement, given in 41 cases were carefully evaluated and found to add no valuable extra information and so were discontinued at an early stage in the study. This study is based on the TI weighted images alone. This offers sharper images on our equipment than does T2 weighted images and is also more accurate for measurement in our experience. An experiment to assess the accuracy of measurements using our equipment showed an under reading of 5% with T1 weighted image but of 15% with T2 weighted images. The midline sagittal slices were used for analysis. The regions of the spine that were imaged are indicated in Table 3 . One hundred and nineteen patients (78%) had their cervical, thoracic and lumbar spines scanned.
De f initions
Spinal cord pathologies analysed include extended atrophy, malacia, syrinx, cyst, disruption and tether ing. The definitions of these terms as used in this study are as follows.
Extended atrophy is abnormal narrowing of the spinal cord in the sagittal plane two segments or more beyond the limits of the vertebral injury (Figure la and Ib).
To determine atrophy it was first necessary to determine the range of normal sagittal spinal cord a Malacia is an area of signal intensity that is between that of CSF and normal spinal cord. This signal intensity is decreased on Tl weighted and increased on T2 weighted images with respect to the surrounding cord. Its contour is ill-defined and its shape irregular (Figure 2a and 2b) .
A syrinx (Greek word for tube) is an area with the same signal intensity as CSF (i.e. low Tl, high T2). It is tubular, usually tapered at one or both ends and may appear loculated. It has a well-defined contour. It extends beyond the site of maximal bony protrusion into the spinal canal and usually beyond the limits of the vertebral injury (Figure 3a and 3b) . The sagittal extent of a syrinx is measured as the number of vertebral segments spanned. Figure 1 (a and b) . Atrophy extending both rostrally and caudally from the level of vertebral injury A cyst has the same signal intensity and contour definition as a syrinx but differs in that it is round or oval rather than tube-shaped and is confined to the site of maximal bony protrusion into the spinal canal (Figure 4a and 4b) .
Disruption is complete absence of spinal cord signal (Figure 5a and 5b) .
Tethering is attachment of the spinal cord to the wall of the bony spinal canal (Figure 6a and 6b) .
No major pathology is used to describe findings at two areas in particular: firstly the area at the level of the conus and cauda equina where it is difficult to tell the difference between malacia and a normal pattern of nerve root distribution and secondly where the cord is atrophied at the level of vertebral injury but is otherwise normal.
Spinal canal compromise is considered to be present at the level of injury where the antero-posterior canal diameter is two thirds or less of the average diameter of the canal opposite the vertebral bodies immediately above and below the injured level. The original spinal X-ray films were compared with the MRI scans to establish whether or not any remodelling of the spinal canal had occurred.
The angulation of the spine adjacent to the level of injury was measured as the angle between the normal a Clinical/MRI study of traumatised spinal cord D Wang et at vertebral end-plates immediately above and below the level of injury. Positive numbers indicate kyphosis and negative lordosis. Zero refers to a neutral position which is neither kyphotic nor lordotic. 22 Degenerative changes of the cervical spine were recorded. Narrowing of the disc space without protrusion or osteophytes is classified as Grade A, protrusion of the disc or osteophytes into the spinal canal without indentation of the cord as Grade B and protrusion of the disc or osteophytes with indentation of the cord as Grade C. The results were studied in relation to extended atrophy.
Clinical examination of each patient comprised a detailed history and a comprehensive neurological examination. It was carried out by a spinal cord injury specialist who had no prior knowledge of the results of the MRI scans. Changes in neurological symptoms and signs (referred to as neurological changes below) since the stage of initial neurological stabilisation were recorded and correlated with the MRI findings. These changes include neurogenic pain, increased spasms, elevation of sensory level and decreased motor power. The term deterioration often used in the literature to describe these changes is not applied in this study (see Results and Discussion). Figure 2 (a and b) . Malacia at the level of vertebral injury with ill-defined contour and poor homogeneity Tables 4-25 . Because any single patient may have more than one pathology and more than one neurological change, the total numbers of each of these variables may exceed the total number of patients.
Spinal cord pathologies on T1 M RI sagittal scans The spinal cord pathologies of the 153 patients included, in order of prevalence, extended atrophy, malacia, syrinx, cyst, disruption and tethering. They are shown in Table 4 . Nearly half of the patients (48.3%) had a double pathology and 36.6% had a single pathology. The pattern of combinations is shown in Table 5 . It can be seen that the most common combination is extended atrophy and malacia. Table 6 indicates the relation between the pre valence of these pathologies and the level of vertebral injury. The vertebral injuries are evenly distributed among the cervical, thoracic, and thoracolumbar and lumbar sections, being 58, 45 and 50 respectively. Within each pathology, extended atrophy and cysts are most commonly found in the cervical group, syrinxes, disruption and tethering in the thoracic group and malacia in the thoracolumbar and lumbar group. a Table 7 shows the relation between the prevalence of these pathologies and the Frankel grading of the initial spinal cord injury. Cysts are relatively evenly distributed among various Frankel gradings whilst the other lesions are mainly associated with Frankel A. Disruption is seen only in Frankel A.
Extended atrophy is the most common lesion. The high prevalence of extended atrophy in the cervical group is of statistical significance when compared with the thoracolumbar and lumbar group. (Til and below), but not the thoracic group. There is no statistically significant difference between the thoracic and the thoracolumbar and lumbar groups. A preliminary review of MRI scans in another group of patients within 2 years of spinal cord injury did not show such extended atrophy. 23 This indicates that extended atrophy is a late tertiary change.
The direction of the extension of the atrophy is indicated in Table 8 . Rostral and caudal extension is equally common.
Malacia is the second most common lesion. It was confined within the boundaries of the vertebral injury except in 2 cases. It was most commonly seen in the thoracolumbar and lumbar group, though not to a statistically significant extent.
Syrinxes are less common than atrophy or malacia The direction of extension of the synnxes IS indicated in Table 9 . The numbers of patients with rostral and caudal extension only are equal. The average numbers of segments extending rostrally and caudally beyond the level of vertebral injury are also equal, being 5 segments in both directions. The longitudinal extent of all syrinxes, including those confined to the boundaries of vertebral injury, ranged from 2 to 20 vertebral segments with a mean of 6 segments.
Three syrinxes were diagnosed with myelography or CT myelography and shunted before this study. The MRI scans indicated collapsed syrinxes.
In 4 of the 14 cysts a slightly hypointense T1 signal ring was present (Figure 4a and 4b ). An unpublished preliminary review of cases recorded at the National Spinal Injuries Centre within 3 years of injury has failed to identify any cysts with similar features.
Cord disruption was present in 6 cases. Five of these were in the thoracic and one in the thoraco- Table 10 . Cyst and tethering were not seen in the disruption group. In two cases the disruption was associated with a syrinx. These two syrinxes were among the smallest of all syrinxes and occupied only two and three segments respectively. Both were asymptomatic.
Tethering was present in 6 patients. The relation between tethering, spinal cord pathologies and surgery within the spinal dural sac is shown in Table 11 . All 6 patients had a combination of pathologies in addition to tethering. The most common associated pathology was atrophy. In patient E the tethering was seen at the site of drainage of the syrinx.
The number of each pathology in relation to years after injury is indicated in Table 12 . There is no significant difference in the prevalence of pathologies Table 13 shows a significant increase in the number of syrinxes in thoracic patients 30 -39 year post injury compared with a fall in cervical patients.
Extended atrophy Malacia
The relation between the age of patients at the time of this study and the prevalence of each pathology is shown in Table 14 . There is no difference of statistical significance between different age groups.
Spinal canal compromise was seen in 79 patients. The distribution of pathology in patients with and without such compromise is shown in Table 15 . In only two patients was there any remodelling of the spinal canal on the MRI scan compared with the original spinal X-ray films and this was minimal. These do not significantly affect the result of the statistical analysis. There is no statistically significant difference in the number of each pathology between the two groups except cord disruption which not surprisingly is invariably associated with spinal canal compromIse.
The relations between the degree of angulation of the various sections of the spine and the pathologies are presented in Tables 16, 17 and 18. There is no statistically significant difference in the prevalence of each pathology between groups of various degrees of angulation.
All 146 patients who had their cervical spme scanned showed degenerative changes of the spine. Six patients had Grade A, 135 Grade B and 5 Grade C degeneration. None of the five patients with Grade C degeneration, the most severe change, had associated extended atrophy despite the fact that 3 of them had changes involving between 4 and 6 intervertebral spaces.
Neurological change after initial neurological stabilisation Thirty five patients (23%) had had changes in their neurological condition after initial neurological stabi lisation. These include neurogenic pain in 22, increased spasms in 10, elevation of sensory level in 7 and decreased motor power in 3. As some patients had more than one change the total number of changes exceeds the number of patients. The mean ages of patients with pain and spasms are 54 and 60 respectively. The former is equal to whilst the latter is greater than the mean of patients without neurological change. The mean ages of patients with elevation of sensory level and decreased motor power are less than the mean age of patients without neurological change, being 53 and 50 respectively. The difference is of no statistical significance.
The distribution of patients with neurological change after initial neurological stabilisation amongst the different pathologies is shown in Table 19 . The occurrence of neurological changes is higher with the syrinx than the other groups. With atrophy and malacia pain predominates while with syrinxes elevation of sensory level is as common as pain. The 3 patients in the atrophy group and the one patient in the malacia group who had elevation of sensory level were all associated with syrinx. Cord disruption even in combination with other pathologies was not Table 20 ) which was either extended atrophy, malacia or a syrinx. Decreased motor power and elevation of sensory level were 3een only with syrinxes whilst the only changes observed with atrophy and malacia were pain and spasms. A cyst or cord disruption on its own was not associated with neurological change. It will be recalled that tethering was always associated with intrinsic spinal cord pathology or pathologies.
Thirty two patients had a syrinx. The average vertebral extent of the syrinx was 8.5 segments in the 15 with neurological change and 4.6 in the 17 without. This difference is statistically significant (P = 0.046).
The direction of extension of the syrinx in patients with neurological change is evenly distributed (see Table 21 ). Sensory and motor changes are associated Table 20 Patients with a single pathology and neurological change The relation between spinal canal compromise and neurological change is indicated in Table 22 . There is no statistically significant difference between the groups with and without compromise.
The relation between the degree of angulation of various sections of the spine and neurological change is shown in Tables 23, 24 and 25. There is no significant difference.
The number of patients who had spinal surgery in the early stage following injury is too small to draw any statistical conclusion regarding any altered incidence of spinal cord pathology in the chronic stage. Number of patients with neurological changes Two patients in this study had features suggesting that vascular myelopathy could be a precursor of malacia and subsequently syrinx formation. In the first patient a focus of centrally located linear malacia developed (Figure 7a ) where an earlier scan had revealed a segmental low signal area suggestive of ischaemia (Figure 7b ). In the second a series of longitudinal malacic foci far removed from the original site of injury were seen above a shunted and collapsed syrinx (Figure 8 ).
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Discussion
A number of reports have been published in the literature involving MRI scanning in patients with chronic spinal cord injury. I -II This series is the largest yet published. The definitions of lesions used by each author were different and sometimes difficult to compare even in the same paper. Understanding is hampered by disagreement not only on the MRI changes but also, more fundamentally, on the pathological changes that occur.
Because isolated cases of discrepancy between the MRI image and the pathology seen either at sur §ery or necropsy have been reported and observed, I, 4,25 Figure 8 Multiple centrally located and longitudinally aligned malacic foci above a collapsed syrinx final proof of the pathology must depend upon surgical findings and necropsy examination. This is impossible in a large series of cases for obvious reasons. Itaru Ohshio et aP6 reported correlations between histopathological features and magnetic resonance images in a series of 19 formalin fixed spinal cords. Among them 7 were injured spinal cords. In their study only transverse sections were examined. Signal intensity was the only accurate parameter used to describe the lesion and general terms such as 'severe destruction' and 'gray matter indistinguishable from the white matter' were used in the paper. It is difficult to compare their results with ours which are based on sagittal sections and clear definitions of lesions.
There are few published reports of the incidence or extent of extended atrophy following spinal cord injury. I,4 , 24 Yamashita et at reported 5 cases in their series. In our series extended atrophy was present in 62% of patients. It should be more widely studied because it is the most commonly seen pathology that is associated with neurological change. The same applies to malacia which, though less common than atrophy, is still an important associated feature of neurological change.
Nordqvist 21 reported the results of post-mortem myelographic and direct spinal cord measurements in 10 1 cadavers, none of which had had signs of organic neurological disease. The mean sagittal diameter of the spinal cord obtained by direct measurement of the cords in the age group 70 -88 was significantly smaller than in the age group 18-69. The difference in the mean sagittal diameter was about 1.0 mm for the cervical cord and 0.5 mm for the thoracic cord. The number (30) of patients used to determine the lower limit of sagittal diameter of normal spinal cord in our study was too small to be divided into age groups. If Nordqvist's result is taken into consideration, then 2 patients with atrophy in our series who are over 70 should be excluded from the atrophy group. This number is insignificant from a statistical point of view and so can be ignored.
Nordqvist also found that the reduction in the sagittal diameter of the spinal cord is mainly due to demyelination. The latter was seen in all spinal cords of cadavers over 70 years of age. He did not determine the cause of the demyelination. The histological findings of his study showed that all 18 cadavers of those aged 62 or over at death had changes in the intramedullary vessels while those under 62 did not. All over 62 had changes in the aorta whilst only 9 of the 13 under 62 had such changes. These vascular changes might have been the cause of the demyelina tion which took place a decade later. Although atherosclerotic changes were common in the aorta, they were not seen in the anterior spinal arter�. Kakulas and Jellinger made similar observations. 27 , 2
All our patients who had their cervical spines scanned showed degenerative changes. This might have suggested that these changes rather than the spinal cord injury were the cause of extended atrophy.
However, that all 5 patients in our series with Grade C degeneration, the most severe change, had no extended atrophy suggests that these changes were unlikely to blame for the pathology.
There is no generally agreed definition of the terms cyst and syrinx in the literature. Gebarski et alii use post-traumatic progressive myelopathy to include cyst, syrinx and malacia, the syrinx being a large cyst. Falcone et aP differentiate malacia from cyst and syrinx. They see cyst and syrinx as one group and call syrinx a confluent intramedullary cyst and the whole group pro�ressive post-traumatic cystic myelopathy. Backe et at 8 and Marshall and Garfin 9 define a syrinx as any area of cord with a low signal intensity equivalent to that of CSF and regardless of its length. Greenfield 
Perovitch et aP2 consider a cavity to be a syrinx only if signal changes probably related to flow phenomena can be demonstrated within it. It is uncertain whether or not the syrinx cavity commu nicates with the subarachnoid CSF system. The 'CSF flow' may simply reflect the thinness of the syrinx wall, and the fluid rather than the gel nature of the syrinx contents, and hence transmissibility of true CSF pulsation dynamics.
In this study cysts are strictly focal. All cysts in this series were confined to the very small area adjacent to the point of maximal bony protrusion into the canal. This suggests that they are the end result of direct impact at the time of injury. The surrounding ring with a T1 signal intensity higher than that of the cyst cavity seen in 4 of our cases suggests an inner lining or encapsulation, 6 , 11 and hence, a focalised and stable lesion. Cysts were not associated with neurological change unless another spinal cord pathology was present as well. By contrast syrinxes, malacia and atrophy on their own were associated with changes. This further supports that a cyst is a stable lesion whilst a syrinx is potentially progressive, though not necessarily symptomatic. Cyst and syrinx are probably different clinico-pathological entities.
In contrast to cysts, all but one syrinx were in close proximity but not directly adjacent to the point of maximal bony protrusion into the spinal canal. At the point of maximal bony protrusion the cord is atrophied. Syrinxes tended to extend so are probably more than just the result of early secondary changes.
Tethering has been thought to be a possible mechanism of syrinx formation. IO , 30 , 33 -35 However, it is not apparently associated with post-traumatic syrinx in our series except in one case where it is seen at the site of laminectomy and shunting. It is possible that the prevalence of tethering recorded with our machine is lower than its actual prevalence. Osborne et aP 6 reported 18 cases of tethering without seeing a case of Clinical/MRI study of traumatised spinal cord D Wang et al syrinx. Ragnarsson et aP 7 reported a case of suspected syrinx where operative exploration revealed tethering and cord atrophy without syrinx. It is likely that the role of tethering in the development of a post traumatic syrinx has been over-emphasised. The hypothesis was formulated in the pre-MRI era when accurate diagnosis of spinal cord pathology was difficult. Williams 30 , 33 , 34 suggested that in association with adhesions around the spinal cord there were upward and downward surges of CSF during coughing, which led to the extension of syrinx. He also postulated that the upward surge was more energetic than the downward one. In our series the numbers of upward and of downward extension are equal. In addition, Tobimatsu et aP8 observed in their MRI flow study that the flow in the syrinx was synchronized with the heart beat rather than breathing. The observations of our study on tethering and the direction of extension of the syrinx do not support Williams' hypothesis.
Some studies suggest that late vascular change leads to malacia, which in turn develops into a syr inx. I , 3 , 31 , 39 -43 Perovitch, 41 using MRI spinal cord angiography, has seen thrombosis of the spinal cord vascular system in association with cystic myelopathy. Segmental ischaemia may be the precursor of myelomalacia. Two cases in our series support this view.
It seems possible that there are two mechanisms for the extension of syrinxes. These may be present alone or in combination. One is direct expansion of an existing syrinx due to pressure build-up as a result of flow of content of the syrinx or other factors. This flow phenomenon has been shown in recent MRI studies. 6 , 32 , 38 , 42 The other is merging of malacic foci as has been seen in the above-mentioned case. The latter may well explain the loculation and septation between various parts of a syrinx. It may also explain the failure of shunting to reverse the symptoms in some patients where neurological damage has already been done by the malacia before the syrinx has developed.
There is no significant difference in the numbers of each pathology in different periods after injury or at different ages. This suggests that there is a stage at which the pattern of tertiary change for any individual becomes established, though its degree and extent may still change. The exception is that the prevalence of syrinxes in thoracic level patients appears to be much higher in the 30 -39 years post injury group compared with those 20 -29 years post injury. This may be explained by the further development of syrinxes in the surviving thoracic patients in the 30 -39 years group. The decreased prevalence of syrinx in the cervical patients in 30 -39 post injury group compared with 20 -29 post injury group may be explained by an increasing mortality in cervical patients with syrinxes.
Prior to MRI scanning the incidence of syrinxes was reported to be from 1. 1_3.2%. 31 , 44 Following the introduction of MRI scanners, Sett and Crockard 5 D Wang et al reported it as 33.3% and Backe et al8 as 51 %. Silberstein and Hennessl found cystic myelopathy, which includes syrinxes, cysts and malacia, in 59% of cases. As these authors did not have a clear differentiation between cyst, syrinx and malacia and Sett and Crockard included only referred patients, it is difficult to compare their prevalence of each pathology with ours. In our series, 20.9% of patients had a syrinx, 9. 1 % a cyst and 55.6% malacia. When cyst, syrinx and malacia are combined together, then a total of 122 patients (80%) had either a single pathology or a combination. This much higher prevalence than all the previous reports remains to be explained.
This study shows that patients with longer syrinxes are more likely to have symptoms though some patients with huge syrinxes remain free of neurologi cal change. From the statistical point of view an extending asymptomatic syrinx should be considered for shunting to reduce the risk of its becoming symptomatic. In addition, once a patient becomes symptomatic there is always a risk that the symptoms will not be reversed even with flawless surgery. 30 Tobimatsu et aps analysed the CSF flow in the post traumatic syrinx and found that 10 out of the 11 patients with CSF flow phenomena in the syrinx were symptomatic while 4 of the 5 without were asympto matic. They concluded that an MRI study of CSF flow phenomena was valuable in determining the prognosis of a post-traumatic syrinx. Five of the II patients with only caudal extension of syrinxes in our series had neurological change which included pain and spasms but not sensori-motor alteration. Surgery in these cases should be determined by the severity of the symptoms and the patient's response to conservative treatment. Despite the guidelines mentioned above each case should be considered on an individual basis because of the risks associated with surgical interven tion.
It is a common clinical experience that pain and spasms occur when the patient is recovering from acute spinal cord injury. Kakulas 39 has observed that patients with severe pain survive longer and in these patients nerve root regeneration is more frequently seen than in other patients. In our study, the mean ages of patients with pain or spasms are either equal to or greater than the mean age of those without neurological change. Pain and spasms may not be signs of 'deterioration'.
Two cases in our series with relatively moderate injury at thoracolumbar level had atrophy that extended into their upper cervical cords ( Figure 9 ). By contrast, in three other cases where there was near disruption of the cord at the lower cervical or upper thoracic level, no extended atrophy was seen ( Figure  10 ). These findings suggest that there was a tertiary change, a process other than but related to the original injury, which gave rise to the distant extended atrophy.
It is interesting to note that patients with complete disruption of the cord had less neurological change after initial neurological stabilisation. Cordectomy has been applied with some good results as treatment for syrinxes, 3o pain and spasms. 45 The absence of a significant difference in the prevalence of spinal cord pathology and neurological change between patients with spinal canal compromise a b Figure 9 (a and b) . Atrophy of the entire spinal cord in a patient with a fracture of the 12th thoracic vertebra Figure 10 The cord has been transacted but there IS no atrophy visible above the transaction and those without suggests at first sight that decompression of the spinal canal will not prevent these changes from developing.
There is no correlation between the degree of angulation of the spine adjacent to the level of injury and either the prevalence of each lesion or the incidence of late neurological change. It even appears that neurological change is least commonly seen in patients with the most severe kyphosis (Tables 23 -25 ). This apparent anomaly may be explained by the observation that cord disruption or near disruption, which is most commonly seen in severe kyphosis is associated with fewer late neurological changes than other pathologies. In any event, our results suggest that correction of kyphotic deformity is not important in preventing neurologically significant tertiary spinal cord change.
Oedema, focal and local malacia, cysts and tethering are secondary changes that are the result of direct injury to the spinal cord and its coverings. Syrinx, late and remote malacia and late extended atrophy, especially those inconsistent with the severity and site of injury, need some mechanism other than the original injury to explain them. They are tertiary changes that develop after the initial neurological stabilisation.
The secondary changes that result from the initial impact are largely not preventable. This may not be ClinicaljMRI study of traumatised spinal cord D Wang et al the case with the tertiary changes that arise after the stage of initial neurological stabilisation. Further research into the pathologies of these tertiary changes may give rise to treatments that will prevent their development.
It should be mentioned that our study involved patients more than 20 years after injury. Many with severe spinal cord tertiary lesions may already have died. Therefore the actual prevalence of the lesions may be higher than that of this study. Thus, the fact that the prevalence of syrinxes in cervical patients is more common in our series in the 20 -29 year post injury group compared with the 30 -39 one may be because syrinx formation in cervical patients is a significant risk to life.
Apart from neuronal regeneration, developments in laboratory research have increasingly emphasised the importance of the environment in successful spinal cord regeneration. 46 The prevention of conditions leading to tertiary changes will provide a more optimal environment for regeneration.
In one of our patients with a C5-6 vertebral injury the cord was less than one third of its normal diameter and malacic. The cord above and below it was atrophic ( Figure 11) . Surprisingly, this patient had only a minor neurological deficit, Frankel Grade D. The cord at the level of injury is less than one third of its normal diameter and is malacic. The cord above and below the injury is atrophic.
D Wang et al
This observation further supports the view that only a small proportion of spinal cord is needed for its basic functioning. 47
Conclusions
Chronic spinal cord pathologies include, in order of prevalence, extended atrophy, malacia, syrinx, cyst, cord disruption and tethering. Focal and local malacia, cyst and tethering are secondary changes whilst syrinx, late and remote malacia and late extended atrophy are tertiary changes.
2 Extended atrophy was most commonly seen III injuries of the cervical spine, malacia in those of the thoracolumbar and lumbar spine, and syrinxes in those of the thoracic spine.
3 With the exception of syrinxes there is no correlation between the prevalence of each pathol ogy, the age of the patient at the time of the study and the length of time after injury.
4 Syrinxes were most common in the thoracic region and in the 30 -39 year post injury group. This probably reflects survival patterns in which the thoracic injury group outlived the cervical but not the lumbar injury group. It also indicates that syrinxes develop further with increasing year post injury in the 30 -39 year group. 5 There is no correlation between the prevalence of each pathology, the presence of neurological change, and either the degree of spinal canal compromise or the degree of angulation of the spine adjacent to the level of injury.
6 Syrinx and cyst are different pathological and clinical entities, with probably different aetiologies and natural histories. Syrinxes are progressive lesions whilst cysts are stabilised ones.
7 The longer the syrinx the greater the chance that it is symptomatic.
